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doi:10.1016/j.ejvs.2008.09.018Abstract Objectives: To identify predictive factors causing mortality in patients with injuries
to the portal (PV) and superior mesenteric veins (SMV).
Design: Retrospective analysis of prospectively collected data.
Materials and methods: Adults admitted with blunt or penetrating PV and SMV injuries at an
academic level I trauma center during a 20-year period.
Results: Of 26,387 major trauma victims admitted from 1987 through 2006, 26 sustained PV or
SMV injuries (PVZ 15, SMVZ 11). Mechanism of injury was penetrating in 19 (73%) and 20 were
in shock. Active hemorrhage occurred in 21. Most patients had associated injuries (2.9 1.8/
patient). Mean Injury Severity Score (ISS) was 27.8 16.8. All PV injuries underwent suture
repair and 27% of SMV injuries were ligated. Overall mortality was 46% (PVZ 47%, SMVZ 45%).
Stab wounds had a lower mortality (31%) compared to gunshot wounds (67%) and blunt injuries
(57%). Nonsurvivors had a higher ISS (35.8 vs. 20.9; pZ 0.02), more associated injuries (3.7 vs.
2.2; pZ 0.02), were older, and had active hemorrhage. Active hemorrhage (pZ 0.04) was
independently related to death while shock on admission (odds ratioZ 6.1, pZ 0.61) trended
toward higher mortality.
Conclusion: Despite improvements in trauma care, mortality of PV and SMV injuries remains
high. Shock, active hemorrhage, and associated injuries were predictive of increased
mortality.
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In the past two decades there has been considerable
improvement in the care of trauma patients. Technologic
advances, organization of trauma systems, training of
human resources, rapid transport of victims, the concept of
damage control, and advances in the care of critically illd by Elsevier Ltd. All rights reserved.
88 G.P. Fraga et al.patients are some examples.1,2 Major vascular injury pres-
ents a complex challenge for trauma surgeons. It is impor-
tant to determine if improvements in care have led to
a decrease in mortality following major vascular injury.
Trauma to the portal vein (PV) and superior mesenteric
vein (SMV) are uncommon, and few surgeons have signifi-
cant experience in treating these injuries.3e8,18 The tech-
nical difficulty of isolating injured vessels combined with
associated abdominal injuries and massive bleeding are the
most common causes of death. Previous publications have
reported mortality rates ranging from 50% to 70%.3e10
Because of improved transportation, resuscitation, and
prompt surgical treatment in a mature trauma system, we
hypothesized that these factors might have decreased
mortality in victims of PV and SMV injury. The purpose of
this study is to review our institution’s experience, identify
risk factors related to mortality, and analyze what effects
these advances have had on the outcome of these chal-
lenging injuries.Materials and Methods
During a 20-year period (from January 1987 to December
2006) all patients admitted to a university level I trauma
center, who sustained either a PV or SMV injury were
identified through an institutional prospectively collected
trauma registry database and were retrospectively
reviewed. This study received approval from the University
Human Research Protections Program. Iatrogenic injuries
and patients dead on arrival without surgical treatment
were excluded from the analysis. Medical records and
autopsy reports were used to supplement data collection.
Data collected included patient demographics, mecha-
nism of injury, scene time defined as time after arrival of
the ambulance, transport time, shock in the field (systolic
blood pressure (SBP) less than 90 mm Hg), Revised Trauma
Score (RTS) on admission, location where the initial resus-
citation took place, initial pH, base deficit, and Injury
Severity Score (ISS). Calculation of the RTS includes the
Glasgow Coma Scale (GCS), systolic blood pressure (SBP),
and the respiratory rate (RR) with a maximum value of 7.84.
ISS is an anatomical scoring system that provides an overall
score for patients with multiple injuries varying from 0 to
75. Scores higher than 25 represent very severe anatomical
injury.
Initial patient resuscitation was carried out either in the
trauma room or directly in the operating room (OR resus-
citation), which is determined by established institutional
criteria.11 In hemodynamically unstable blunt trauma
patients, Diagnostic Peritoneal Lavage (DPL) or Focused
Assessment with Sonography for Trauma (FAST), were per-
formed in the trauma room. The presence of free intra-
peritoneal fluid during the FASTwas considered positive and
the patient was a candidate for operative intervention if
appropriate. Computed tomography (CT) was performed
only in stable patients with suspicion of intraabdominal
injury or a positive FAST.
Operative findings analyzed included the presence of
active hemorrhage, injury grade by utilizing the Organ
Injury Scaling of the American Association for the Surgery of
Trauma (OIS-AAST score),12 the number of associatedabdominal injuries, the surgical procedure performed, and
the need for resuscitative thoracotomy (RT). In addition,
complications, probability of survival (Ps), hospital length
of stay (LOS), and mortality were recorded. Ps is derived
from an equation including the ISS, RTS, mechanism of
trauma (blunt or penetrating) and patient age.
Death was defined as the primary outcome measure.
Risk factors for mortality were analyzed to determine
variables that contributed to death. Patient outcome was
analyzed in two different periods (1987e1996 and 1997e
2006) accounting for historical improvements in treating
shock and coagulopathy.
Data were collected in a database using Excel for
Windows (Microsoft Redmond, WA). All values are pre-
sented as means standard deviation (SD). Univariate
analysis was performed for each variable by ANOVA for
continuous variables and by chi-square or Fisher’s exact
test for dichotomous variables. Statistic significance was
determined as a value of p< 0.05. In addition, the odds
ratio was calculated for categoric data and represents the
relative risk of death occurring in the presence of a pre-
disposing factor.Results
From January 1987 to December 2006, there were 26,387
major trauma patients (83% blunt, and 17% penetrating)
admitted. Twenty-six patients sustained either PV (15
cases) or SMV (11 cases) injuries accounting for a 0.1%
incidence among all trauma admissions and 1.2% of trauma
patients who underwent laparotomy. The mean age was
32.4 17.9 (range: 16e86 years) and 24 patients (92%)
were male. The mechanism of injury was penetrating in
19 patients (73% total, 13 stab wounds, 6 gunshot wounds)
and blunt in 7 (27%). Mean ISS was 27.8 16.8. The mean
scene time was 11 8 min (range: 3e40 min) and the mean
transport time was 11 4 min (range: 7e19 min). One
patient was excluded from the mean scene time since this
patient had a 2-h delay before transfer from an outside
hospital.
Twenty patients (77%) presented with hypovolemic
shock before arrival to the hospital. Initial resuscitation
took place in the operating room (OR resuscitation) in
21 patients and the remaining 5 were initially treated in the
trauma bay. Mean RTS of all patients was 5.14 2.58 and all
injuries were diagnosed intraoperatively. Mean initial
arterial pH was 7.19 0.18 and the initial mean base deficit
was 10.1.
Only three patients with blunt trauma had preoperative
studies (DPL, CT, and FAST each), all positive exams had
intraperitoneal blood confirmed intraoperatively. All 26
patients underwent exploratory laparotomy and 9 (35%)
required a resuscitative thoracotomy with only one patient
in this group surviving. The presence of active venous
bleeding was documented in 21 patients (81%) with a con-
tained hematoma observed in 5 patients. The mean PV OIS
was 4.3 0.5 and the SMV OIS was 3.7 0.5. All but one
patient had associated abdominal injuries with 2.9 1.8
organs injured per patient. Surgical management included
primary suture repair in all 15 PV injuries and in 7 SMV
injuries (64%). Ligation of the SMV was performed in
Table 2 Univariate analysis of independent risk factors
for mortality in PV and SMV injuries
Risk factors
(total of patients)
Mortality
(%)
p Odds
ratio
Shock at admission
Positive (20) 55 0.16 6.11
Negative (6) 17
Trauma room resuscitation
Positive (21) 52 0.33 4.40
Negative (5) 20
Active bleeding of injury
Positive (21) 57 0.04 e
Negative (5) 0
Injury severity score
25 33 0.26 0.29
>25 64
Associated abdominal injuries
3 33 0.26 0.29
>3 64
Probability of survival
50% 28 <0.01 18.2
<50% 87
Table 3 Comparison between two different periods
(1987e1996 and 1997e2006)
Factors and
mortality
1987e1996,
nZ 19
1997e2006,
nZ 7
p
(Mean SD or %) (Mean SD or %)
Age 30.5 15.5 37.6 24.0 0.38
Scene
time (min)
9 3 14 7 0.02
Outcomes of Portal and Superior Mesenteric Venous Injuries 893 patients, and 1 patient died of exsanguination before
definitive repair could be accomplished.
The overall mortality in both injuries was 46%. In the PV
group, mortality was 47% where in the SMV group mortality
was 45%. The cause of death was massive hemorrhage in
92%. Stab wounds carried the lowest mortality rate
(Table 1).
Mortality was higher in patients with active hemorrhage
(57% vs. none, pZ 0.04) and trended higher in those
patients with hypovolemic shock on admission (55% vs. 17%,
odds ratioZ 6.1, pZ 0.16). Table 2 summarizes the risk
factors for mortality. In the last 10 years (1997e2006) we
observed a higher mortality rate (7 patients; mortality 86%)
compared to the first period (19 patients; mortality 32%;
pZ 0.02). The scene time was longer in the latter period
(14 7 vs. 9 3 min; pZ 0.02). Transport time trended to
be lower from 12 4 in 1987e1996 to 10 3 min in 1997e
2006 (pZ 0.21), however, this was not statistically signifi-
cant. In the last 10-year period, patients were older, had
more associated injuries, and a lower Ps (Table 3).
There was no difference in mortality according to the
surgical procedure to treat the venous injury (Table 4).
Overall, 5 patients (22%; 2 PV and 3 SMV) treated with
primary vein repair developed abdominal compartment
syndrome. Out of 3 patients treated by ligation of the SMV,
only one developed abdominal compartment syndrome and
this patient did not have bowel ischemia.
Compared to survivors, nonsurvivors had a higher ISS,
more associated injuries, were older, and had active venous
bleeding identified during laparotomy (Table 5).
Discussion
Traumatic injuries to the PV and SMV are uncommon and
carry a high mortality. Ulvestad13 in 1954 reported the first
case of a survivor following ligation of the SMV and repair of
the superior mesenteric artery. Chisholm and Lenio repor-
ted three cases of traumatic injury to the PV with two
survivors.14 A large series of PV trauma was reported by
Mattox et al. in 1975 (22 patients) and by Graham et al. in
1978 (37 PV and 45 SMV).3,15 Given the paucity of the recent
literature, it is unknown if improvements in pre-hospital
transportation, resuscitation, and rapid surgical treatment
of these patients has changed outcomes of patients with
injuries to the PV and SMV.7e10,16 In our series, we did not
observe any significant difference in mortality from either
PV or SMV injuries in the time periods studied. This is
despite a reported decrease in mortality from other organTable 1 Mechanism of injury vs. mortality in PV and SMV
injuries
PV PV
mortality
(%)
SMV SMV
mortality
(%)
Mortality
(%)
Blunt 4 50 3 67 57
Stab wounds 10 40 3 0 31
Gunshot wounds 1 100 5 60 67
Total 15 47 11 45 46injuries with comparable ISS and initial shock.1,2 It may be
that despite improvements in imaging, resuscitation,
quicker operative intervention, and the damage control
laparotomy concept, these injuries may simply be too
lethal. Several factors that increase mortality remain
consistent in this series in comparison to previous ones.
Stone et al. studied 83 patients with injuries to PV and SMV
during a 23-year interval where 93% of the injuries were
due to penetrating trauma.4 In their series, the mortality
grouped by mechanism of injury was 39% in gunshot
wounds, 64% from shotguns, 11% in stab wounds, and 67% in
blunt trauma.4 Coimbra et al. analyzed 18 patients withTransport
time (min)
12 4 10 3 0.24
Admission RTS 5.2 2.7 4.9 2.3 0.80
Admission Ps 0.69 0.41 0.56 0.39 0.48
ISS 25.6 18.0 33.7 11.8 0.28
Active bleeding 74% 100% 0.35
pH 7.20 0.20 7.18 0.16 0.82
Base deficit 8.8 11.4 12.4 5.3 0.43
Associated
injuries
2.7 1.8 3.6 1.6 0.26
Mortality 32% 86% 0.02
SD, standard deviation; RTS, Revised Trauma Score; Ps,
probability of survival.
Table 4 Means of surgical repair of PV and SMV injuries
PV PV
mortality
(%)
SMV SMV
mortality
(%)
Mortality
(%)
Venorrhaphy 15 47 7 43 45
Ligation e e 3 33 33
None e e 1 100 100
Total 15 47 11 45 46
90 G.P. Fraga et al.traumatic injury to the portal venous system.7 The
mortality was 78% in gunshot wounds, 67% in stab wounds,
and 67% in blunt trauma. In our series, a lower penetrating
trauma rate during the years 1997e2006 may explain our
decrease incidence of overall PV and SMV injury, however,
stab wounds continued to have a lower mortality. Perhaps
the tamponade effect by surrounding tissues from these
less severe injuries had a positive impact on survival in this
group of patients.
Hypotension on admission continues to be an important
factor in the mortality of PV and SMV injuries. Mattox et al.
observed a mortality of 71% in patients with a SBP less than
80 mm Hg and a mortality of 12% in stable patients.3 The
presence or absence of shock (SBP 90 mmHg) was the only
variable with a statistically significant difference comparing
survivors and nonsurvivors as reported by Dawson et al.6
The time from trauma to operative intervention had
a mean of 80 min and the time from admission to surgery
varied from 20 to 120 min in two previous studies from
Brazil.7,16 In San Diego County, despite a shorter trans-
portation time and initial resuscitation in the operating
room in select patients, the presence of shock on admission
was also related to higher mortality. However, mortality did
improve when compared to previous studies (55% in shock
and 17% in stable patients). The scene time increased in the
latter time period compared to the earlier one. This did not
likely change the overall time to surgery since the transport
time decreased comparatively.Table 5 Overall comparison between survivors and
nonsurvivors
Factors Survivors,
nZ 14
Nonsurvivors,
nZ 12
p
(Mean SD or %) (Mean SD or %)
Age 27.6 8.9 37.9 24.0 0.15
Scene time (min) 9 3 14 11 0.11
Transport
time (min)
11 4 23 34 0.29
Admission RTS 5.9 2.3 4.3 2.7 0.12
Admission Ps 0.86 0.22 0.42 0.42 <0.01
ISS 20.9 11.9 35.8 18.4 0.02
Active bleeding 64% 100% 0.06
pH 7.24 0.17 7.15 0.19 0.29
Base deficit 9.6 9.0 10.5 10.6 0.84
Associated
injuries
2.2 1.8 3.7 1.5 0.02
SD, standard deviation; RTS, Revised Trauma Score; Ps,
probability of survival.The presence of associated injuries to other major
vessels and organs contributes to massive blood loss.4,5,17
Several authors have found associated organ injuries
routinely present in patients with PV and SMV injuries.4 The
anatomical proximity of both the PV and the SMV to other
vascular structures and organs explains the high incidence
of associated injuries, and consequently a higher ISS, as
observed in our series (96.2%). Continued intraoperative,
severe hypotension may necessitate clamping of the aorta
at the diaphragmatic hiatus, or thoracotomy with cross-
clamping of the descending aorta with access to open
cardiac massage.11,19 In this series, 9 patients underwent
resuscitative thoracotomy with a mortality of 88.9% in this
group.
Coimbra et al. identified the ISS as a predictor of
outcome, and nonsurvivors had a significantly higher ISS
than survivors (24 0.4 and 20 1.7, respectively;
p< 0.006).7 Similarly, in this series, nonsurvivors also had
a higher ISS than survivors (35.8 vs. 20.9; pZ 0.02).
Technically, a wide Kocher maneuver associated with
the mobilization of the hepatic flexure and medial rota-
tion of the right colon and the duodenum aid in the
exposure of the portal structures. Immediate control of PV
bleeding is usually gained by the Pringle maneuver (portal
triad control by clamping the entire porta hepatis).
Exposure of the retro-pancreatic PV and SMV is difficult,
and occasionally the division of the pancreatic neck may
be the only feasible approach to controlling the conflu-
ence of these veins. Adequate proximal and distal vascular
control by using clamps or encircling the vessels using
loops is important in repairing the injury. Primary venor-
rhaphy is the preferred surgical approach in stable
patients with PV injuries, but there are other operative
strategies including ligation, end-to-end anastomosis,
portacaval shunt, and graft interposition.5,7,8,16,20 Often
the patient’s physiologic status determines the complexity
of repair. An interesting prospective study could analyze
the risk of developing stenosis depending on the technique
of repair; however, the overall low incidence of these
injuries would make this difficult to conduct. Venorrhaphy
has been used in 37e75% of cases, with a mortality
ranging from 14% to 67%.3e5,7,9,10,16,17,19 In this study, we
treated all PV injuries with primary repair with a mortality
of 46.7%.
In hemodynamically unstable patients or in complex PV
injury, ligation of the PV is the best choice. The concern
about the physiologic consequences of PV ligation has been
addressed since the 1800s with experiments in animals. In
1950, Child et al. demonstrated that PV ligation was
tolerated in 80% of monkeys who underwent this proce-
dure.21 PV ligation results in a rapid fall of systemic arterial
blood pressure and a rise in portal venous pressure with an
added risk of bowel infarction. In these cases, a damage
control laparotomy and second look procedure have been
advocated by some authors following PV ligation.5,7,17,20
Intestinal infarction and persistent portal hypertension
after PV ligation are rare.9 Stone et al. has published the
largest experience with PV ligation, reporting a mortality of
87% in the first 8 patients treated between 1958 and 1973,
and 20% in another 10 patients treated between 1974 and
1980.4 The PV ligation as a desperation measure results in
high mortality, but planned and early ligation may be the
Outcomes of Portal and Superior Mesenteric Venous Injuries 91only viable option in unstable patients. The concept of the
damage control laparotomy is against the classical surgical
dogma of definitively repairing all vascular injuries.
However, alternatives in definitive vascular repair, such as
shunts or ligation, may be lifesaving especially in the midst
of coagulopathy and acidosis. Correcting these physiologic
abnormalities, after operative stabilization, in the critical
care setting should be optimized before returning to the
operating room for definitive repair and abdominal closure.
In our series, all PV injuries were repaired and not ligated.
Whether ligation may have improved mortality in our series
is unknown, but given the emergence of the damage control
concept this should be considered in future PV injuries. The
controversy about repair vs. ligation in SMV injuries remains
unsolved in the literature. Graham et al., in 1978,
described a series of 45 patients with SMV injury and
concluded that portal venous injuries can be successfully
managed utilizing vascular reconstructive techniques.15
Donahue and Strauch22 in a collective review of 33 SMV
ligation and 75 SMV venorrhaphies, observed a mortality
rate of 15% and 36%, respectively. Recently, Asensio et al.,
in a retrospective study, compared the outcome of primary
repair vs. ligation.8 The authors concluded that ligation
should be selected for hemodynamically unstable patients
with a large number of associated injuries.8 In this study we
found a similar mortality following ligation (33%) and repair
(43%), but other variables need to be considered. No patient
in this series had a temporizing venous shunt placed. Shunts
have been described in vascular trauma particularly with
extremities, however, we are not aware of any series
describing shunt treatment in PV or SMV trauma. Shunt
therapy, combined with a damage control laparotomy,
would be an interesting area of future investigation.
There are limitations in this 20 year retrospective series.
The number of patients is small and the surgical procedure
was based on each surgeon’s varying experience. Despite
improvement in trauma care, we observed worse outcomes
in the last 10-year study period, but patients were older,
had a lower RTS, and a higher ISS. In conclusion, PV and SMV
remain a highly lethal injury. Hypovolemic shock and
associated injuries are predictive of higher mortality.
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